Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:°F =(1.8×°C)+32
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:°C =(°F-32)/1.8
Introduction
The Johnson Creek landslide is located near the community of Otter Rock, Oregon, approximately 5 km north of Newport ( fig. 1 ). The landslide occurs on a nearly flat marine terrace within marine terrace deposits and seawarddipping sedimentary rock (Landslide Technology, 2004) , and it displaces through a coastal bluff. The landslide is as much as 26 m thick, 200 m long, and 360 m wide ( fig. 2 ) and exhibits primarily translational movement. The landslide is visible on 1939 aerial photos and has affected the alignment of the Old Coastal Highway and, more recently, U.S. Highway 101 (Priest and others, 2006) . Total landslide movement as estimated from a balanced geologic cross section is about 28 m horizontal and 6 m vertical (Priest and others, 2006) . The largest recorded movement episode involved about 25 cm of horizontal displacement and several centimeters of vertical displacement and occurred January 27 -February 3, 2003. Recent movements in response to heavy rainfall have only been on the order of a few centimeters.
The Oregon Department of Transportation (ODOT) performed an investigation of the landslide during the 1970s. A more comprehensive investigation and evaluation of possible mitigation measures was initiated in late 2002 as a collaborative effort between ODOT and the Oregon Department of Geology and Mineral Industries (DOGAMI). As part of that study, six boreholes were completed along a longitudinal section of the landslide. Piezometers were installed just above the landslide basal shear zone in three of the boreholes, and inclinometer casing was installed in the other three boreholes (LT-1P, LT-2P, and LT-3P are piezometer-equipped boreholes and boreholes LT-1, LT-2, and LT-3 are equipped with inclinometer casing, fig. 2 
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impossible to conduct inclinometer surveys through the basal shear zone. The manual extensometers consisted of wire rope that was anchored below the landslide and extended up to and past the ground surface. A rain gauge was also installed at the site. The rain gauge and piezometer outputs were recorded hourly at the site by individual dataloggers, but the extensometers were measured manually and at irregular intervals using a tape measure. A precise correlation of rainfall, ground-water pressure, and landslide movement was therefore not possible because the data were not recorded simultaneously.
During November 2004, as part of a cooperative effort with DOGAMI, the U.S. Geological Survey Landslide Hazards Program (USGS) installed new dataloggers at the site and connected electronic transducers to the extensometer cables so that all of the instruments could be read simultaneously. The dataloggers were later equipped with cell-phone telemetry so that data could be collected remotely and at regular and more frequent intervals. During November 2006, the USGS and ODOT installed fourteen additional piezometers in four new boreholes. Two vertical arrays of six piezometers each were installed in two boreholes that were backfilled with grout, and single piezometers were installed inside slotted well casing near the bottom of the other two boreholes. The vertical-array piezometers were installed to determine groundwater pressures at different levels within and just below the landslide. The single-piezometer installations were completed primarily for future hydrologic testing, but were also used to monitor groundwater levels. Shallow water-content sensors were installed in the landslide to obtain information about surface-water infiltration. This report provides preliminary monitoring data dating from the USGS installation during November 2004, brief descriptions of the monitoring equipment and data, and logs of the new boreholes completed during November 2006.
Previously Installed Monitoring Equipment
The piezometers installed as part of the 2002 investigation are vibrating-wire piezometers manufactured by Slope Indicator, Inc. The piezometers have a pressure range of 0-35 m of water (0-50 psi) and a stated accuracy of ± 0.1 percent of full scale. Each instrument also contains a thermistor or resistance temperature detector for recording temperature, and temperature corrections were made to the pressure measurements. During 2002, one piezometer was installed in each of the two boreholes LT-1P and LT-3P, and two piezometers were installed in borehole LT-2P ( fig. 2) . Each piezometer was installed in a 10-foot (3.05-m) interval of the borehole that was backfilled with sand. A piezometer was installed within 2 m above the basal shear zone of the landslide in each borehole, and the sand backfill penetrated the shear zone. Shear-zone depths were estimated from inclinometer monitoring results as described below (Landslide Technology, 2004) . In borehole LT-2P, one piezometer was placed below the landslide and the sand backfill extended from about 3 m to 6 m below the shear zone. Readings from the piezometers were made using a battery-powered datalogger located at each borehole. A tipping-bucket rain gauge was installed just east of the landslide headscarp. The rain gauge is a Global Water, Inc., model RG200, and was also connected to a battery-powered datalogger that recorded hourly rainfall amounts. Data were downloaded from the dataloggers to a laptop computer during periodic site visits (Landslide Technology, 2004) .
Boreholes LT-1, LT-2, and LT-3 ( fig. 2 ) were used to make inclinometer surveys during the early part of the 2002 investigation. These surveys suggest the depth of the basal shear zone of the landslide within the boreholes. After enough landslide movement occurred to prevent further inclinometer surveys, manual extensometers were installed in the three inclinometer casings. Each extensometer consists of 6-mm-(0.25-in.-) diameter wire rope that is anchored below the landslide in a 3-m-long concrete plug (Landslide Technology, 2004) . The wire rope extends a short distance beyond the collar of the borehole, and a crimped ferrule is attached near the end of the wire rope. As the landslide moves, it overrides the wire rope below the landslide and pulls the rope from the ground surface into the borehole. Measurements of the length between the crimped ferrule and the top of the casing indicated the amount of landslide movement. These measurements were made manually using a tape measure during periodic site visits. Further details of the 2002 study and details of the instrumentation and results can be found in Landslide Technology (2004) .
USGS Upgrades of Monitoring Equipment
During November 2004, the USGS initiated improvements to the instrumentation and monitoring at the Johnson Creek landslide. Automatic dataloggers powered by solarrecharged batteries were installed for monitoring the instruments at the landslide and for the first time began simultaneously recording precipitation, ground-water pressure, and landslide movement. The dataloggers are located near boreholes LT-1 and LT-3. Two dataloggers were deployed because U.S. Highway 101 passes between the locations of boreholes LT-1 and LT-2. Sensors in borehole LT-2 are monitored by the datalogger at borehole LT-3. The dataloggers are the CR10X model by Campbell Scientific, Inc. Data were initially retrieved from the dataloggers through periodic site visits by a DOGAMI geologist stationed in Newport, Oregon. During January 2006, cellular modems were added to the dataloggers so that the data could be retrieved remotely.
Several changes were made to the monitoring device network at the landslide. An air temperature sensor was added to the datalogger at borehole LT-3, and the rain gauge was connected to the datalogger. Cable-extension transducers were installed on the manual extensometer wire ropes so that landslide movement could be recorded electronically. Model PT8101 cable extension transducers manufactured by Cele-sco, Inc., were used. These devices have a range of 0 to 1.5 m (0 to 60 in) and a stated accuracy of ±0.25 percent of full scale. With the CR10X dataloggers, cable extension of 0.05 cm can be resolved. Each transducer is housed in a protective enclosure mounted on a steel pole set in concrete next to each extensometer borehole. The transducer cable extends out of the enclosure and over a pulley guide where it attaches to the wire rope that continues downhole. A spring provides tension to counterbalance the weight of the wire rope extending down the borehole.
Since November 2004, precipitation, groundwater pressures, and landslide movement have been recorded almost continuously. Site vandalism during the summer of 2005 resulted in the loss of data from the datalogger at borehole LT-3 for a period of about 11 weeks, but it was during a time of little or no precipitation, declining groundwater pressures, and no apparent landslide movement. Initially, all data were recorded hourly, but on March 9, 2006, the recording interval was reduced to 15 minutes.
USGS Installation of Subsurface Monitoring Equipment
Monitoring equipment was installed in boreholes during the weeks of November 7 and November 14, 2006, by the authors and an ODOT drilling crew led by Ed Duffy. Four boreholes for piezometers were constructed by ODOT drillers and two boreholes for soil water-content sensors were constructed by the authors as described below.
Vibrating-Wire Piezometers
Vibrating-wire piezometers (piezometers) were installed in 4.25-in.-(10.80-cm-) diameter boreholes completed using a track-mounted CME-850 rotary drill rig. Piezometers were the same make and model of those installed in 2002 (Slope Indicator, Inc., non-vented, 50 psi, vibrating-wire). Planned borehole locations were selected prior to drilling by Rex Baum and William Ellis (USGS) and George Priest (DOGAMI). Planned borehole locations were then refined in the field by George Priest and Ed Duffy. Final borehole locations were close to planned locations and are shown on figs. 2 and 3. Locations shown on figs. 2 and 3 are based on the mapped locations of existing monitoring wells (Landslide Technology, 2004; Priest and others, 2006) and measurements made using a measuring tape and a laser hypsometer. Because of the relatively large distance from known points used for mapping, the locations of boreholes B-4 and B-5 shown on figs. 2 and 3 are approximate.
Due to time constraints and previous investigation results, the boreholes were mostly blind drilled (unsampled). Boreholes LT-1A and LT-2A were drilled within a few meters of previously completed boreholes so were entirely blind drilled. The upper parts of boreholes B-4 and B-5 were blind drilled and their lower parts were sampled and logged (figs. 4 and 5). Core was retained, placed in core boxes, and provided to George Priest (DOGAMI).
Piezometers were installed in boreholes LT-1A and LT-2A, which were then backfilled with a bentonite-cement slurry using a grout pump and 0.75-in.-diameter (1.91 cm) tremie pipe. Ground-water monitoring wells were constructed in boreholes B-4 and B-5 and piezometers were installed in the wells. Piezometers installed in boreholes LT-1A and LT-2A were taped to the outside of the tremie pipe at depths marked on the pipe while it was lowered into the hole during installation (table 1) . The piezometers were saturated and taped to the pipe in an upside-down orientation (as recommended by the manufacturer) to permit measurement of rapid pore-pressure changes. The ground-water monitoring wells consisted of Johnson Screens 1.25-in.-diameter (3.15-cm-), schedule 80 PVC pipe with 10-slot screened sections. Coaxial cable was taped to the outside of the well casing and extends to the bottom of each borehole to permit possible identification of the depth of landsliding at each well location (Kane and Beck, 1996) . The annular space around each well casing was backfilled with 10/20 Colorado silica sand and Volclay coarse bentonite chips (table 2) . Bentonite chips were placed in the bottom of borehole B-5 below the sand backfill and above the sand backfill in both boreholes to 0.3 m below ground surface. Steel, flush-mount well covers were set in concrete from 0.3 m below ground surface to the ground surface. One piezometer was installed into each of these wells by lowering it by its cable to the bottom of the well. These piezometers were installed right-side-up because of the small well-casing diameter and were filled with water prior to installation as recommended by the manufacturer. Both wells naturally filled with ground water to above the depths of the piezometers prior to piezometer installation. Well construction depth details are provided in table 2. Fluid pump broken at 60 ft, drill dry for 1 ft, core highly disrupted and hot (about 10 min. to drill 60-61 ft) Track-mounted CME 850, 2 5/8 in. dia. core Bill Schulz   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34 5.5-7.6 ft -Silty sand with little clay, yellowish gray (5Y7/2) with 30% dark yellowish orange (10YR6/6) mottling, dense, moist, fine grained, massive, trace organics (roots) 7.6 ft -Sand with little to some gravel, yellowish gray (5Y7/2) with greenish black (5G2/1), moderately weathered, fossiliferous (pelecypods), subrounded siltstone pebbles, unit is loose to medium dense, wet 12 ft (approx.) Siltstone, greenish black (5G2/1), hard and strong, sand coated on top, highly oxidized top, unweathered (except top), unfractured 15.5 ft -Sandy siltstone, light brown (5YR5/6) with trace olive black (5Y2/1) mottling, soft, deeply weathered, weak, friable to low hardness, unfractured, wet, laminated 16.2 ft -Siltstone, dark yellowish orange (10YR6/6), moderately weathered, unfractured, moderately strong, low hardness, laminated at 10° inclination, stained black along bedding plane at 17.2 ft 17.5 ft -Siltstone, dusky yellowish brown (10YR2/2) with grayish orange (10YR7/4) and light olive gray (5Y6/1) laminae, slightly weathered, crushed to highly fractured, plastic strength to weak, friable hardness 18.1 ft -becomes light olive gray (5Y6/1) with dark yellowish orange (10YR6/6) 18.6 ft -Sandstone, dark yellowish orange (10YR6/6), little weathered, moderately fractured, weak, low hardness, fine grained. Striated, polished, clay-coated parting at 19.2 ft, inclined 20°, 90° rake to striae Depths of piezometers in the grouted boreholes (LT-1A and LT-2A) were selected based on depths of terrace sand and landsliding identified from previous subsurface exploration and monitoring results (Landslide Technology, 2004) . Plots of borehole LT-1 and LT-2 inclinometer measurements (Landslide Technology, 2004) show that all shear displacement of the inclinometer casings occurred within a 1.2-m-thick zone, indicating that the landslide basal shear zone at these locations is less than 1.2 m thick. About 64 percent and 83 percent of the shear displacement of the inclinometer casing at boreholes LT-1 and LT-2, respectively, occurred within a zone 0.6 m thick, strongly suggesting that the basal shear zone at these locations is less than 0.6 m thick and probably less than 0.3 m thick. These suggestions are based on the senior author's observations of inclinometer monitoring results followed by direct observations of the shear zones adjacent to the inclinometers in numerous other landslides. Our interpretation of landslide depth at boreholes LT-1 and LT-2 is given in table 3. Probable depths are based on the assumption that the shear zone is a plane centered within the interval displaying shear displacement of the inclinometer casing. We selected depths for piezometers installed in boreholes LT-1A and LT-2A using depths shown in table 3, a cross section of the landslide (modified from fig. 18 Piezometers installed in borehole LT-1A were connected to the datalogger previously installed at that location. An additional piezometer was connected to this datalogger and left exposed to the atmosphere to measure atmospheric pressure. Piezometers installed in boreholes LT-2A, B-4, and B-5 were connected to the datalogger previously installed near borehole LT-3.
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Water-Content Sensors
Water-content sensors were installed into undisturbed soil at the bottom of boreholes made using hand-operated soilsampling equipment manufactured by Geoprobe. The sensors are Decagon Devices, Inc., ECH 2 O model EC-5 dielectric sensors. The sensors produce an output voltage that depends on the dielectric constant of the medium surrounding the sensors. The EC-5 has a claimed resolution of 0.001 m 3 /m 3 and accuracy of at least 0.003 m 3 /m 3 in all soils with salinity below 8 decisiemens per meter.
Boreholes for the water-content sensors were made by driving a 0.6-m-long, 5.1-cm-diameter, cylindrical steel sampler using a 22-kg electric breaker hammer powered by a generator. Locations of the sensors are shown on figs. 2 and 3. Both locations had organic rich sand and silt to about one meter below ground surface and silty sand and sandy silt below that. Sensor depths are given in table 4. WC-1 sensors were connected to the datalogger located near borehole LT-1, and WC-3 sensors were connected to the datalogger located near borehole LT-3. Sensor WC-1D does not appear to be fully functional; it appears to measure very subtle changes in water content at times when large changes are measured by the other sensors, but it does not appear to provide accurate absolute measurements or detect moderate and small changes in water content. Worksheet 1 (Appendix A) provides data from sensors in and near the LT-1 boreholes and worksheet 2 provides data from sensors in and near the LT-2, LT-3, B-4, and B-5 boreholes for November 19, 2004 -December 12, 2006 . In addition to date and time information, the data include piezometer temperature ("piez temp") in degrees Centigrade, piezometer ("VWP") frequency ("freq") in kilohertz, pressure head
Monitoring Data
("m of water") at each piezometer, the extensometer reading ("disp") in centimeters, and battery voltage ("battery"). In addition, the data in worksheet 2 include air temperature ("degrees C") and rainfall ("precip") in millimeters for the recording interval. Pressure head values in meters of water were calculated according to instrument calibration records and manufacturer specifications, and include temperature corrections.
Worksheet 3 (Appendix A) provides data from sensors in and near the LT-1 boreholes and worksheet 4 provides data from sensors in and near the LT-2, LT-3, B-4, and B-5 boreholes for December 12, 2006 -March 31, 2007 . These worksheets include a continuation of the data contained in worksheets 1 and 2, and also the data from the water-content sensors and additional piezometers that were installed during November 2006. The new data include volumetric soil water content in volumetric fraction (percent water/100), the frequency ("kHz") and temperature ("deg. C") of each piezometer ("VWP") at the specified depth (in meters), and the calculated pressure head ("m of water") at each piezometer. Data from the piezometer intended to measure atmospheric pressure is labeled "barometer" in worksheet 3.
Blank cells in any of the worksheets represent missing data, or values that must be calculated using missing data. Occasionally there are time gaps or offsets that result from periods when the dataloggers were off, or when clock adjustments were made.
